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TITLE 

CRACK-RESISTANT ONE-PACKAGE COATING COMPOSITION 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

This invention pertains to a coating composition comprising acid 
group-containing oligomer, a polymer containing epoxy and silane 
functionality and an acrylic polymer component containing an ethylenically 
unsaturated monomeric element. 

10 Description of the Prior Art 

A problem with present coating compositions for certain metal 
substrates including those employed for automobiles and trucks, or parts 
thereof, is that durability is not as good as desired. An important aspect of 
durability is environmental resistance. The present invention offers a high 

15 quality finish exhibiting superior environmental resistance. Another 

problem with epoxy-containing systems has been that, due to limited pot 
life, they have been used as a two-package system, which packages are 
conventionally mixed shortly before use. The present composition is a one- 
package system characterized by good package stability and excellent crack 

2 o resistance in use. 

SUMMARY OF THE INVENTION 

This invention pertains to a stable, crack-resistant, one-package 
coating composition with a volatile organic content of less than or equal to 

2 5 4.2 pounds per gallon comprising a volatile organic solvent and a binder, 

the binder comprising (by weight of binder): 

(i) 2 to 35 percent of an organic compound having at least two acid 
groups and a weight average molecular weight of no more than about 2,000; 

(ii) 25 to 95 percent of a polymeric component having both epoxy 

3 o and silane functionality and a weight average molecular weight between 

1,500 and 50,000 comprising about 0.5 to 1.7 equivalents of epoxy per 
equivalent of acid in (i), the silane being at least 2 percent by weight of the 
binder; and 

(iii) 3 to 40 percent of an acrylic component comprising a core of 
3 5 acrylic polymer and, grafted thereto, a plurality of substantially linear 

stabilizer components; component (iii) containing at least about 2 percent of 
ethylenically unsaturated monomer with functionality capable of reacting 
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with (i), (ii), or both (i) and (ii); the core being substantially insoluble and 
the stabilizer components being soluble in the solvent. 

The composition can also be pigmented to form a colored finish, 
although the composition is especially useful as a clearcoat. 
5 Preferred component (i) is the reaction product of 

methylhexahydrophthalic anhydride and pentaeiythritol. Preferred 
component (ii) comprises polymerized units, in addition to glycidyl 
methaciyiate and methaciyloxypropyltrimethoxy silane, selected from at 
least one member of the group alkyl methaciyiate, alkylaciylate and styrene, 
10 wherein the alkyl moiety contains 1 to 8 carbon atoms. Preferred 

component (iii) contains functional monomer selected from at least one 
member of the group hydroxyethylacrylate, hydroxypropyl acrylate, 
glycidyl methacryiate and glycidyl acrylate. 

15 DETAILS OF THE INVENTION 

The coating composition of this invention has a solids content of 
between 40% to 80% binder, based on the weight of the binder/solvent 
composition. Preferably, the binder will comprise at least about 50% by 
weight of the composition. 

20 Compound (i) 

Contemplated as useful oligomeric compounds are the reaction 
products of an acid anhydride such as hexahydrophthalic anhydride, or 
methylhexahydrophthalic anhydride, or a succinic anhydride which can be 
substituted for example with a C \-C% alkyl group, with a dihydroxyl 

2 5 functional or polyhydroxyl functional compound such as pentaerythritol or 

ethylene glycol. A preferred half ester is the reaction product of 
methylhexahydrophthalic anhydride and pentaerythritol. Other hydroxy 
functional compounds are trimethylolpropane, ditrimethyol propane, 
cyclohexane dimethanol, and hydrogenated bisphenol A. 

3 o Other compounds containing the requisite acid functionality can 

be used such as glutaric acid and the like provided the volatility is such that 
they remain in the film during the curing process and can react in. The acid 
oligomer can have hydroxyl functionality, for example the reaction product 
of a 3 : 1 molar ratio of methylhexylhy drophthalic anhydride and 
35 pentraerythritol. 
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Polymeric Component (u) 

The epoxy- and sUane-containing polymer can be made by the 
copolymerization of an ethylenically unsaturated epoxy-containing 
monomer and ethylenically unsaturated sUane-containing monomer, 
5 optionally with compatible non-sUane-conteining comonomer(s). Ranges 
are 0 to 40% for the epoxy and Q.tp .60% for the silane. Suitable non-silane- 
containing monomers are alkyl acrylates and methacrylates as well as 
styrene, methyl styrene, acrylamide, acrylonitrile, methacrylonitrile, and the 
like. In addition to alkyl acrylates or methacrylates, other non-silane- 

l o containing polymerizable monomers up. to about 40% by weight of the 
polymer, can be employed for the purpose of achieving desired physical 
properties such as hardness, appearance, mar resistance, and the like. 

A suitable silane-containing monomer for copolymerization with 
an epoxy-containing monomer is an alkoxysilane having the following 

15 structural formula; 

R O 

? • II 

R,0— Si— CH 2 — (CH 2 )n— CH2— 0-C-C=CH 2 

OR 2 R3 

wherein R is either CH 3 , CH 3 CH 2 , CH3O, or CH 3 CH 2 0; Ri and R 2 are 
CH3 or CH3CH2; R3 is either H, CH3, or CH3CH2; and n is 0 or a positive 
integer from 1 to 10. Preferably, R is CH3O or CH3CH2O and n is 1. 
20 Typical useful alkoxysilanes are the acrylatoalkoxy silanes, such 

as gamma aciyloxypropyltrimethoxy silane and the methacrylatoalkoxy 
silanes, such as garnnia-ethacryloxypropyltrimethoxy silane, and gamma- 
methacryloxpyropyltris(2-metboxyethoxy)silane. Other suitable 
alkoxysilane monomers have the following structural formula: 



25 



R 

I 

CH 2 ==CH— (CHjJn— Si-ORi 

OR 2 

wherein R, K\ and R 2 are as described above and n is a positive integer 
from 1 to 10. 

Examples of such alkoxysilanes are the vinylalkoxy silanes, such 
30 as vinyltrimethoxy silane, vinyltriethoxy silane and vinyltris(2- 

methoxyethoxy) silane. Other suitable silane-containing monomers are 
acryloxysilanes, including acrylatoxy silane, methacrylatoxy silane and 
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vinylacetoxy silanes, such as vinylmethyl diacetoxy silane, acrylatopropyl 
triacetoxy silane, and methacrylatopropyltriacetoxy silane. Of course, 
mixtures of these silane-containing monomers are also suitable. 

A contemplated acrylosilane monomer contains about 30% by 
5 weight styrene, about 50% by weight methacryloxypropyltrimethoxy silane, 
and about 20% by weight of nonfunctional aciylates or methacrylates such 
as trimethylcyclohexyl methactylate, butyl acrylate, and iso-butyl 
methacrylate and any mixtures thereof. 

Silane-functional monomers also can be used in forming the 

10 silane polymer. These macromonomers are the reaction product of a silane- 
containing compound, having a reactive group such as epoxide or 
isocyanate, with an ethylenically unsaturated non-silane containing 
monomer having a reactive group, typically a hydroxy 1 or an epoxide group, 
that is co-reactive with the silane monomer. An example of a useful 

15 macromonomer is the reaction product of a hydroxy-fiinctional 

ethylenically unsaturated monomer such as a hydroxy alky 1 acrylate or 
methacrylate having 1 to 4 carbon atoms in the alkyl group and an 
isocyanatoalkyl alkoxysilane such as isocyanatopropyl triethyoxysilane. 
Typical of such silane-functiorial macromonomers are those having the 

20 following formula: 

R4 0 H R 

r 11 1 1 

CH 2 =C-C-0— R5— OC N— (C Hsfo-Si-ORi 

OR 2 

wherein R, Rj, and R2 are as described above; R4 is H or CH3, R5 is an 
alkylene group having 1 to 8 carbon atoms and n is a positive integer from 1 
to 8. 

25 In one embodiment of the present invention, the silane polymer 

optionally also has epoxy groups, that is, a portion of the monomers reacted 
to form the polymer contain an epoxy group. An example of a suitable 
epoxy functional monomer is glycidyl methacrylate and the like. Suitably, 
the silane polymer can be the reaction product of a monomer mixture 

3 0 comprising up to 40% by weight of an epoxy functional monomers, 
preferably 10 to 30%, and most preferably 15 to 30% by weight of an 
epoxy functional monomer and up to 60% silane functional monomer, 
preferably 10 to 40% and most preferably 20 to 30%. 

The binder of the present composition can further comprise from 

35 about 2 to 20%, preferably 2 to 5%, based on the weight of the binder, of an 



4 



WO 96/25466 PCTAJS96/02161 

acrylic or polyester or a polyester urethane or copolymer thereof having a 
hydroxy number of about 20 to 300, preferably 50 to 200, most preferably 
1 20 to 1 75 . A typical acrylic polymer is comprised of polymerized 
monomers of aikyl acrylates, alkyl methacrylates, hydroxyalkyl acrylates 
5 and hydroxy alkyl methacrylate and styrene. 

Acrvlic Component (iii) 

Polymers dispersed in organic (substantially non-aqueous) 
medium have been variously referred to, in the art, as a non-aqueous 
dispersion (NAD) polymer, a microgel, a non-aqueous latex, or a polymer 

10 colloid, . . . , . 

In general, dispersed acrylic component (iii) is a polymer 
particle dispersed in an organic media, which particle is stabilized by what 
is known as steric stabilization. Hereafter, the dispersed phase or particle, 
sheathed by a steric barrier, will be referred to as me. "macromolecular 

15 polymer" or "core". The stabilizer forming the steric barrier, attached to 
this core, will be referred to as the "macromonomer chains" or "arms". 

The dispersed polymer contains about 10 to 90%, preferably 50 
to 80%, by , weight, based on the weight of the dispersed polymer, of a high 
molecular weight core having a weight average molecular weight of about 

20 50,000 to 500,000. The preferred average particle size is 0. 1 to 0.5 
microns. The arms, attached to the core, make up about 90 to 10%, 
preferably 20 to 59%, by weight of the dispersed polymer, and have a 
weight average molecular weight of about 1,000 to 30,000, preferably 1,000 
to 10,000. 

2 5 The macromolecular core of the dispersed polymer is comprised 

of polymerized acrylic monomer(s) optionally copolymerized with 
ethylenically unsaturated monomer(s). Suitable monomers include styrene, 
alkyl acrylate or methacrylate, ethylenically unsaturated monocarboxylic 
acid, and/or silane-containing monomers. Such monomers as methyl 

3 o methacrylate contribute to a high Tg (transition glass temperature) dispersed 

polymer, whereas such "softening" monomers as butyl acrylate or 2- 
ethylhexylacrylate contribute to a low Tg dispersed polymer. Other 
optional monomers are hydroxyalkyl acrylates or methacrylates or 
acrylonitrile. Optionally, the macromolecular core can be crosslinked 
3 5 through the use of diacrylates or dimethacry lates such as allyl methacrylate 
or post reaction of hydroxyl moieties with polyfunctional isocyanates. 

The dispersed polymers of Component (iii) comprise 
macromonomer arms which contain functional groups adapted to react with 

5 
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the acrylic core polymer. It is not known with certainty what portion of 
these functional groups react with the core polymer became of the 
numerous and complicated sets of reactions which occur during curing of 
the composition, especially if additional film-forming binders are present. 
5 However, a substantial portion of these functionalities in the arms react and 
crosslink with the film-former of the composition which in some cases may 
exclusively consist of an organosilane polymer. 

The arms of the dispersed polymer are anchored securely to the 
macromolecular core. For this reason, the arms preferably are anchored by 

10 covalent bonds. The anchoring is sufficient to hold the arms to the 

dispersed polymer after they react with the film-former polymer. For this 
reason, the conventional method of anchoring by absorption of the 
backbone portion of a graft polymer may provide insufficient anchoring. 
The macromonomer arms attached to the core can contain 

15 polymerized monomers of alky 1 methacrylate, alkyl acrylate, each having 1 
to 12 carbon atoms in the alkyl group, as well as glycidyl acrylate or 
glycidyl methaciylate or ethylenically unsaturated monocarboxylic acid for 
anchoring and/or crosslinking. Typically useful hydroxy-containing 
monomers are hydroxy alkyl acrylates or methacrylates as described above. 

20 A preferred composition for a dispersed polymer that has 

hydroxy functionality comprises a core consisting of about 25% by weight 
hydroxy ethyl acrylate, about 4% by weight methacrylic acid, about 46.5% 
by weight methyl methacrylate, about 18% by weight methyl aciylate, 
about 1.5% by weight glycidyl methacrylate and about 5% styrene. The 

25 macromonomer attached to the core contains 97.3% by weight prepolymer 
and about 2.7% by weight glycidyl methacrylate, the latter for crosslinking 
or anchoring. 

A preferred prepolymer contains about 28% by weight of butyl 
methacrylate, about 15% by weight of ethyl methacrylate, about 30% by 

3 o weight of butyl aciylate, about 1 0% by weight of hydroxyethyl aciylate, 
about 2% by weight of acrylic acid, and about 15% by weight of styrene. 

The dispersed polymer can be produced by conventional 
procedures such as dispersion polymerization in an organic solvent, in the 
presence of a steric stabilizer for the particles. The procedure is one of 

35 polymerizing the monomers in an inert solvent in which the monomers are 
soluble but the resulting polymer is not soluble, in the presence of a 
dissolved amphoteric stabilizing agent, the macromonomer arms can be 
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prepared by cobalt catalyzed special chain transfer (SCT) polymerization, 
group transfer polymerization (GTP), or free-radical polymerization. 

Optional Ingredients 

The composition of this invention can additionally contain small 

5 amounts of adjuvants and other materials that will not interfere with the 
reaction of components (i), (ii), and (iii). For instance, curing catalysts can 
be employed in amounts of 0. 1 to 5 percent by weight of the composition 
for crosslinking silane moieties of a silane polymer and other components 
of the composition. Such catalysts include dibutyl tin dilaurate, dibutyl tin 

10 diacetate, dibutyl tin dichloride, dibutyl-dibromide 9 -;triphenyl boron, 

tetraisopropyl titanate, triethanolamine titanate chelate, dibutyl tin dioxide, 
dibutyl tin dioctoate, tin octoate, aluminum titanate, aluminum chelates, 
zirconium chelate, and other such catalysts or mixtures thereof known to 
those skilled in the art. 

15 Tertiary amines, acids and the like, are also useful for catalyzing 

silane bonding. For example, dodecylbenzene sulphonic acid (DDBSA) or 
paratoluene sulfonic acid blocked by amines such as aminomethyl propanol, 
diisppropanolamine or dimethylethanol amine. Additional catalyst for the 
epoxy acid reaction can be used. For instance, triethylene diamine, 

20 quinuclinidine, dialkyl alkanol amines such as dimethyl ethanolamine, 
diethyl ethanol amine, dibutyl, ethanol amine, diethyl hexanol amine and 
the like, lithium tertiary butoxide, tri(dimethylaminomethyl)phenol, 
bis(dimethylamino)propan-2-ol, N.N.N *,N Metramethylethylenediamine, 
N-methyldiethanolamine, N,N-dimethyl-l,3-propanediamine and 1- 

25 dimethylamino-2-propanol or quaternary ammonium salts such as tert-butyl 
ammonium bromide, benzyl trimethyl ammonium formate and 
phosphonium compounds such as tetra butylphosphonium chloride or 
benzyltriphenyl phosphonium chloride. 

The present coating composition can include a monomeric or 

30 polymeric alkylated melamine formaldehyde resin that is partially or fully 
alkylated. One such crosslinking agent is a methylated and butylated or 
isobutylated melamine formaldehyde resin that has a degree of 
polymerization of about 1 to 3. Generally, this melamine formaldehyde 
resin contains about 50% butylated groups or isobutylated groups and 50% 

35 methylated groups. Such crosslinking agents typically have a number 
average molecular weight of about 300 to 600 and a weight average 
molecular weight of about 500 to 1500. Preferably, the crosslinking agent 
is used in the amount of about 1 to 20%, most preferably 4 to 10% by 
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weight, based on the weight of the binder of the composition. Polymeric 
melamines are preferred because they are catalyzed by weak acids such as 
carboxylic acids versus strong acids such as sulfonic acids and are not 
hindered by amines. Other crosslinlting agents are urea formaldehyde, 
5 benzoguanamine formaldehyde and blocked polyisocyanates. 

To improve weatherability of a clear finish produced by the 
present coating composition, an ultraviolet light stabilizer or a combination 
of ultraviolet light stabilizers can be added in the amount of about 0. 1 to 5% 
by weight, based on the weight of the binder. Such stabilizers include 

10 ultraviolet light absorbers, screeners, quenchers, and specific hindered 

amine light stabilizers. An antioxidant can be added in the amount of about 
0. 1 to 5% by weight, based on the weight of the binder. Typical ultraviolet 
light stabilizers include benzophenones, triazoles, txiazines, benzoates, 
hindered amines and mixtures thereof. 

1 5 The composition can also contain other conventional 

formulation additives such as flow control agents, for example, 
polybutylacrylate and high molecular weight polyacrylates; theology 
controls agents, such as fused silica; water scavengers such as tetrasilicate, 
trimethyl orthoformate, triethyl orthoformate, and the like. 

2 o The composition can also contain an additional oligomeric 

epoxy additive. Typical glycidyl components are sorbitol polyglycidyl 
ether, mannitol polyglycidyl ether, pentaerythritol polyglycidol ether, 
glycerol polyglycidyl ether, low molecular weight epoxy resins such as 
epoxy resins of epichlorohydrin and bisphenol A, di- and polyglycidyl 

2 5 esters of acids, polyglycidyl ethers of isocyanaurates and sorbitol 
polyglycidyl ethers, such as di- and polyglycidyl esters. 

When the present coating composition is used as a basecoat, 
typical pigments that can be added to the composition include the 
following: metallic oxides such as titanium dioxide, zinc oxide, iron oxides 

30 of various colors, carbon black, filler pigments such as talc, china clay, 

barytes, carbonates, silicates and a wide variety of organic colored pigments 
such as quinacridones, copper phthalocyanines, perylenes, azo pigments, 
indanthrone blues, carbazoles such as carbozole violet, isoindolinones, 
isoindolones, thioindigo reds, benzimidazolinones, metallic flake pigments 

35 such as aluminum flake and the like. 

The pigments can be introduced into the coating composition by 
first forming a mill base or pigment dispersion with any of the 
aforementioned polymers used in the coating composition or with another 
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compatible polymer or dispersant by conventional techniques, such as high 
speed mixing, grinding and milling. The mill base is then blended with the 
other constituents used in the coating composition. 

Conventional solvents and diluents are used to dissolve or 
5 disperse the components of the present coating composition. Typical 

solvents and diluents include toluene, xylene, butyl acetate, acetone, methyl 
isobutyl ketone, methyl ethyl ketone, methanol, isopropanol, butanol, 
hexane, acetone, ethylene glycol, monoethyl ether, mineral spirits, heptane 
and other aliphatic, cycloaliphatic, aromatic hydrocarbons, esters, ethers, 

10 ketones, and the like. 

It is contemplated that the coatings of this invention can be used 
on a wide variety of metallic and non-metallic substrates, particularly where 
durability, etch-resistance and mar-resistance is important. The coatings 
can be applied by conventional techniques such as spraying, electrostatic 

15 spraying, dipping, brushing, flowcoating and the like. The preferred 

techniques are spraying and electrostatic spraying. After application, the 
composition is typically baked at 100° to 150 6 C for about 15 to 30 minutes 
to form a coating about 0. 1 to 3.0 mils thick. When the composition is used 
as a clearcoat, it is applied over the colorcoat which can be dried to a tack- 

20 free state and cured or preferably flash dried for a short period before the 
clearcoat is applied. The colorcoat/clearcoat finish is then baked to provide 
a dried and cured finish. 

It is customary to apply a clear topcoat over a basecoat by means 
of a " wet-on-wet" application in which the topcoat is applied over the 

25 basecoat without curing or completely drying the basecoat. The coated 
substrate is then heated for a predetermined time period to allow 
simultaneous curing of the base and clear coats. When waterborne 
basecoats are used, the basecoat is subjected to a warm air flash to remove 
water before the clear is applied. 

30 

Examples 

Ingredient workup was conducted in a 25-liter reactor. In these 
Examples, the following descriptions apply to the recited ingredients and 
their preparation: 

35 Acid Oligomer No. 1 (i) 

These ingredients (in parts by weight to the nearest whole 
number) were charged to a reactor and heated for 15 minutes at 120°C: 
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propylene glycol monomethyl 85 

ether acetate (PM acetate) 

triethylamine 0.07 

pentaerythritol 35 

5 The following was added to the reactor over 15 minutes: methyl 

hexahydrophthalic anhydride (164) and heat was applied for 3 hours at 120° 
C. The disappearance of anhydride was monitored using IR. When 95+% 
of the anhydride was reacted, the reactor was cooled and the product 
discharged. 

10 Acid Oligomer No. 2 (i) 

This ingredient (in parts by weight) was charged to a reactor and 
heated at 70°C: 

propylene glycol monomethyl 121 
ether acetate (PM acetate) 

15 The following materials were heated to 120°C arid mixed for 15 

minutes to dissolve: 

triethylamine 0.07 
hexanediol 61 

and then added to die reactor over 15 to 30 minutes. They were held at 120 
20 °C for 2 hours. To the reactor was then added: 
methyl hexahydrophthalic 164 
anhydride 

and the disappearance of anhydride was monitored using IR. When 95+% 
of the anhydride was reacted, the reactor was cooled and discharged. 

25 Epoxv Polvmer (u) 

An epoxy functional polymer was prepared by charging the 
following constituents into a polymerization vessel equipped with a heating 
mantle, reflux condenser, thermometer, nitrogen inlet, and stirrer: 
Portion 1 Parts bv Weight 

30 xylol (135° to 145°C) 1371 

Portion 2 

glycidyl methacrylate 868 

butyl methacrylate 651 

butyl acrylate 326 

35 aromatic hydrocarbon solvent 150 

styrene 326 
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Portion 3 

t-butyl peroxy acetate 110 
aromatic hydrocarbon 200 

Portion 1 was charged into the polymerization vessel and heated 

5 to reflux under nitrogen. Portion 2 was then added to the vessel over 360 

minutes and Portion 3 over 390 minutes. After the addition of Portion 3 

was completed, the reaction mixture was held at reflux for 30 minutes and 

then 791 grams of solvent was removed by distillation. The resulting 

polymer solution had the following characteristics: 

10 Percent weight solids: 70 

Mw of polymer: 3600 

Mn of polymer: 1750 

Polymer Composition: BMA/SJY/BA/GMA 

30 15 15 40 

15 Epoxv Silane Polymer (ii) 

An epoxy-silane polymer, more particularly an epoxy functional 
acrylosilane polymer, was prepared by charging the following constituents 
into a polymerization vessel equipped with a heating mantle, reflux 
condenser, thermometer, nitrogen inlet, and stirrer: 



20 Portion 1 Parts bv Weight 

xylol (135° to 145°C) 291 

aromatic hydrocarbon solvent 361 

Portion 2 

styrene 594 
25 gamma-methacryloxypropyl trimethoxy silane 594 

isobutyl me th aery late 831 

glycidyl methacrylate 356 

aromatic hydrocarbon 82 

Portion 3 

3 o free radical catalyst (VAZO 67) 1 89 

aromatic hydrocarbon 259 



Portion 1 was charged into the polymerization vessel and heated 
under nitrogen to 149°C. Portion 2 was then added over 360 minutes and 
Portion 3 over 420 minutes to the vessel. The resulting polymer solution 
3 5 had the following characteristics: 
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Percent weight solids: 69 
Mw of polymer: 3100 
Mn of polymer: 1500 

The polymer composition was, by weight, 25 percent styrene, 25 
5 percent gamma-methacryloxylpropyl trimethoxy silane commercially 
available from OSi Specialities, 35 percent isobutyl methaciylate and 15 
percent glycidyl methacrylate. 

Nonaqueous Dispersion No. 1 (acrylic component iii) 

To a 5-liter flask fitted with an agitator, thermometer, condenser 
10 and addition funnels was added the following ingredients. The mixture was 
agitated under nitrogen and temperature raised to reflux (100° to 104°C). 
Ingredients are given in parts by weight (to the nearest whole number, for 
most). The dispersed polymer is 63.5% weight solids in toluene having a 
weight average molecular weight of 8100. The composition was as follows: 
15 STY/BA/BMA/HEAA1AA/GMA (14.7/43.6/27.5/10.1/2.3/1.7). 

dispersed polymer 206 
isopropanol 12 
spirits 94 
heptane 53 
20 butanol 3 

Added as a shot at reflux was t-butyl peroctoate (0.5 parts) and 
mineral spirits (5 parts). Then, the following ingredients were added over a 
210 minute period at reflux: 



25 



styrene 


52 


hydroxy ethylacrylate 


86 


methyl methacrylate 


126 


glycidyl methacrylate 


5 


methacrylic acid 


14 


methyl acrylate 


62 


dispersed polymer 


103 



30 

These ingredients were added next and the reaction held for 45 

minutes: 

butanol 12 

heptane 17 

35 t-butyl peroctoate 5 

mineral spirits 31 
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Butanol (16 parts) and t-butyl peroctoate (1.7 parts) were then 
added over a 30 minute period and the reaction was held for 60 minutes. 
Finally, the reactor was stripped of 76 parts of solvent. The particle size 
was 298 nm as measured by quasielastic light scattering and had a room 
temperature viscosity of 2000 centipoise at 5 rpm on a Brookfield 
viscometer and a weight solids of 63.5 percent. 
Nonaqueous Dispersion No. 2 (stabilized acr vlic resin m) 
Cobalt Macromonomer 

To a 2-liter flask fitted with an agitator, condenser, heating 
mantle, nitrogen inlet, thermocouple and an addition port was added 81.29 
grams of butyl methacrylate, 243.88 grams of 2-ethyl hexyl methacrylate, 
81.29 grams of glycidyl methacrylate, .2 10 grams of toluene and 50.1 grams 
of butyl acetate! The mixture was agitated and heated to reflux (135°- 
140°C) under nitrogen. To this was then added, in one portion, a pre-mix 
of a solution of 0.35 grams of Vazo® 88, 13 .8 grains of toluene and 17.2 
grams of of a 0.17% solution of bis(Boron Difluoro Diphenyl Glyoximato 
Cobaltate (IT)) in methyl ethyl ketone. This was followed by the addition of 
a pre-mix of a solution of 71.34 grams of butyl methacrylate, 214.02 grams 
of 2-ethyl hexyl methacrylate, 71.34 grams of glycidyl methacrylate, 1.35 
grams of Vazo® 88 [l,l-azobis(cyanocyclohexane)3 and 86.8 grams of 
toluene over 240 minutes while maintaining reflux (1 16°-122°C). 
Following a 30 minute hold period, a pre-mixed solution of 0.32 grams of 
Vazo® 88 and 23.0 grams of toluene was added over 60 minutes while 
maintaining reflux. The batch was then held at reflux for an additional 60 
minutes at which time a mixture of 0.23 grams of t-butyl peroctoate and 
3 1.5 grams of of butyl acetate was added in one portion and the reaction 
mixture was then cooled. The macromonomer thus prepared has a number 
average molecular weight of 3400 and a weight average molecular weight 
of 5500 as determined by GPC. Weight solids are 63.6% and Gardner 
viscosity F. The percent terminal vinyl unsaturation is >95 as determined 
by thermogravimetric analysis. 

Preparation of Stabilized Acrvlic Resin 

To a 2-liter flask fitted with an agitator, condenser, heating 
mantle, nitrogen inlet, thermocouple and an addition port was added 222.32 
grams of cobalt macromonomer prepared above and 394.4 grams of heptane 
and the temperature raised to reflux (95°C) under nitrogen at which time 
0.55 grams of t-butyl peroctoate was added in one portion. This was 
followed by the addition of a premixed solution of 96.63 grams of methyl 
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methacrylate, 59.16 grams of styrene, 47.33 grams of hydroxy ethyl 
acrylate, 70.99 grams of methyl acrylate, 39.44 grams of acrylonitrile, 1 .97 
grams of allyl methacrylate, 78.88 grams of glycidyl methacrylate, 1 10.43 
grams of cobalt macromonomer formed above, S.92 grams of t-butyl 
5 peroctoate and 63 1 grams toluene over 2 10 minutes holding reflux at 95°C. 
This was followed by a hold period of 45 minutes at reflux at which time a 
premixed solution of 3.94 grams of t-butyl peroctoate and 28 grams of 
toluene was added over 30 minutes while maintaining reflux. The reaction 
mixture was then held at reflux for 60 minutes followed by distillation of 
l o 78.88 grams of solvent to raise weight solids to 54%. Particle size as 
measured by quasi elastic light scattering was 206 nanometers. Gardner 
Holdt viscosity was A2. 

Dual Crosslinked Stabilized Acrylic Resin 

To a 2-liter flask fitted with an agitator, condenser, heating 

15 mantle, nitrogen inlet, thermocouple and an addition port was added 500 
grams of stabilized acrylic resin prepared above and the temperature raised 
to 90°C at which time 12.5 grams of DES3390® isocyanate [triisocyanurate 
of 1,6-hexamethylene diisocyanate (Miles)] and 5 grams of methyl ethyl 
ketone was added over 10 minutes. The reaction mixture was held at 90°C 

20 for 4 hours until all the isocyanate had been consumed as measured by ER, 
then 45 grams of solvent was distilled to raise weight solids to 60% and the 
reaction mixture was cooled. The crosslinked stabilized acrylic resin had a 
Gardner Holdt viscosity of J 

Adjuvants and Other Recipe Ingredients 
25 Microgel 
Step 1. 

In a 5-liter reactor, the following ingredients were combined 
with amounts indicated in parts by weight (most are rounded to the nearest 
whole number). The following materials were heated to reflux and held for 



30 60 minutes: 

mineral spirits 98 

heptane 74 

methyl methacrylate 15 

polymer* 4.7 

35 VAZO free radical catalyst 1.4 



♦The polymer is made from 12-hydroxy stearic acid (43.6), MMA (45.9), 
MAA (0.9) and GMA (9.6) at 40°/ weight solids in toluene with a weight 
average molecular weight of 19,000. 
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Step 2. 

The following materials were added over 180 minutes 
maintaining the reflux, then held 120 minutes: 

methyl methacrylate 179 

5 styrene 75 

hydroxyethylacrylate 23 

glycidyl methacrylate 2.8 

methacrylic acid 2.8 

polymer (see above) 58 

10 mineral, spirits 32 

heptane 191 

N,N-dimethyl ethanolamine 11 

Step 3. 

The product was rinsed with heptane and then the following was 
15 added as in Step 2: 

toluene 13 

heptane 30 

VAZO 67 2.0 
2 > 2'-azobis(2-methylbutanenitrile) 

20 Step 4. 

The product was rinsed with heptane and stripped of 246 parts 
of solvent. Finally, 246 parts of melamine was added to the cooled reactor 
to produce the microgel. 
Screeners Solution 

25 xylene 68 

TINUVIN 900 8 

TINUVIN 123 12 

TINUVIN 1130 13 

Blocked DDBSA 

30 methanol 41 

dodecylbenzene sulphonic acid 48 

2-amino-2-methyl- 1 -propanol 1 1 

25% Phosnhonium 

tetrabutyl phosphonium chloride 25 

35 propylene glycol monoethyl 75 
ether acetate (PM acetate) 
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Melamine BM 9539 is a butylated melamine available from Monsanto. 
Melamine CYMEL 325 is a methylated melamine available from Cytec. 
RESIFLOW S is a flow control agent available from Estron Chemicals. 
The TINUVINS are available from Ciba-Geigy. 



5 Silica Dispersion 

xylene 35 

n-butanol 20 

acrylic polymer 36 

AEROSIL R805 silica (Degussa) 9 



10 The above was passed two times through a sand mill and then filtered 
through a 10 micron screen. 

Example 1 

The recipe for a coating composition of this invention, one 
15 employing no tin catalyst, is as follows with amounts given in percentages 
by total weight. 



acid oligomer No. 1 (i) 


9.9 


epoxy polymer (ii) 


5.5 


microgel 


3.9 


melamine BM 9339 


2.4 


screeners solution for durability 


6.3 


Nonaqueous dispersion No. 1 (iii) 


16.1 


RESIFLOW S flow additive 


0.2 


silica dispersion 


5.8 


trimethylortho acetate 


2.3 


(water scavenger) 




epoxy silane polymer (ii) 


34.1 


aromatic hydrocarbon solvent 


11.4 


n-butanol solvent 


2.1 



30 

Example 2 

The recipe for a coating composition of this invention employing 
no additional epoxy component is as follows (in percentages by total 



weight). 

35 acid oligomer No. 1 8.6 

microgel 4. 1 

melamine BM 9539 2.5 

screeners solution 6.5 



16 



PCT7US96/02161 

WO 96/25466 



nonaqueous dispersion inq. i v m / 


16 6 


RESlrJLL/W ^ 


0.3 


blocked uudoa 


0.3 


silica dispersion 


6 0 


trimetnyiortno acetate 


2.4. 


ai butyl tin aiiauraie 


0.1 


25% phosphonium 




epoxy silane polymer (ii) 


42.2 


aromatic hydrocarbon solvent 


8.2 


n-butanol 


2.1 



10 * 

Example 3 

The recipe for a coating composition of this invention employing 
glycidyl methacrylate nonaqueous dispersion is as foUpws in percentages by 

15 total weight. 

acid oligomer No. 1 (i) 9.9 

epoxy polymer (ii) 5.4 

microgel 3.9 

melamine BM 9539 2.4 

20 screeners solution 6.3 

nonaqueous dispersion No. 2 (iii) 18 0 

RESIFLOW S 0-2 

blocked DDBSA 0.3 

silica dispersion 5.8 
25 trimethylortho acetate (scavenge water) 2.3 

dibutyltin dilaurate 0- 1 

25% phosphonium 0-3 

epoxy silane polymer (ii) 34.0 

aromatic hydrocarbon solvent 10.6 

30 n-butanol i 0.4 

Example 4 

The recipe for a coating composition employing mixed acid 
components is as follows in percentages by total weight. 
35 acid oligomer No. 1 (i) 5.2 

acid oligomer No. 2 (i) 5.2 
epoxy polymer 5 4 

microgel 3.9 
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melamine BM9539 2.4 

screeners solution 6.2 

non aqueous dispersion No. 1 (iii) 15.9 

RESIFLOW S . 0.2 

5 blocked DDBSA 0.3 

silica dispersion 5.8 
trimethylortho acetate (scavenge water) 2.3 

dibutyltin dilaurate 0.1 

25% phosphonium 0.3 

10 epoxy silane polymer (ii) 33.2 

aromatic hydrocarbon solvent 12.0 

n-butanol 1.8 

Examples 

15 The recipe for a coating composition of this invention is as 

follows in percentages by total weight. 

acid oligomer No. 1 (i) 9.0 

epoxy polymer (ii) 3. 1 

microgel 3.0 

20 melamine BM 9539 9.0 

screeners solution 4.8 

nonaqueous dispersion No. 1 (iii) 12.4 

RESIFLOW S 0.2 

blocked DDBSA 1.0 

25 silica dispersion 4.5 

trimethylortho acetate (scavenge water) 1.8 

dibutyltin dilaurate 0.1 

25% phosphonium 0. 1 

epoxy silane polymer (ii) 29.4 

30 aromatic hydrocarbon solvent 20.0 

n-butanol 1.6 

Example 6 

The recipe for a coating composition employing no melamine 
3 5 crosslinker is as follows in percentages by total weight, 

acid oligomer No. 1 12.4 

epoxy polymer H.3 

microgel 4. 1 
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screeners solution 6.5 

nonaqueous dispersion No. 1 (iii) 16.7 

RESIFLOW S 0.3 

blocked DDBSA 0 3 

5 silica dispersion 6. 1 
trimethylortho acetate (scavage water) 2A 

dibutyltin dilaurate catalyst 0. 1 

25% phosphonium 0. 1 

epoxy silane polymer (ii) 27.4 

10 aromatic hydrocarbon solvent 1 1 .8 

n-butanol 0.5 
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1. A stable, crack-resistant, one-package coating composition with 
a volatile organic content less than or equal to 4.2 pounds per gallon 
5 comprising a volatile organic solvent and a binder, the binder comprising, by 
weight of binder: 

(i) 2 to 35 percent of an organic compound having at least two acid 
groups and a weight average molecular weight of no more than about 2,000; 

(ii) 25 to 95 percent of a polymeric component having both epoxy 
10 and silane functionality and a weight average molecular weight between 1,500 

and 50,000 comprising about 0.5 to 1.7 equivalents of epoxy per equivalent of 
acid in (i), the silane being at least 2 percent by weight of the binder; and 

(iii) 3 to 40 percent of an acrylic component comprising a core of 
acrylic polymer and, grafted thereto, a plurality of substantially linear 

15 stabilizer components; component (iii) containing at least about 2 percent of 
ethylenically unsaturated monomer with functionality capable of reacting with 
(i), (ii), or both (i) and (ii); the core being substantially insoluble and the 
stabilizer components being soluble in the solvent medium. 

20 2. A composition according to Claim 1 wherein compound (i) is 

the halfester acid oligomer formed by reaction of a monomeric anhydride and 
a hydroxyl functional oligomer. 

3 . A coating composition according to Claim 2 where the halfester 

2 5 acid oligomer is the reaction product of methylhexahydrophthalic anhydride 

and pentaerythritol. 

4 . A composition according to Claim 1 wherein the polymeric 
component (ii) comprises polymerized units, in addition to glycidyl 

3 o methacrylate and methacryloxypropyltrimethoxy silane, selected from at least 

one member of the group, alkyl methacrylates, alkyl acrylates and styrene, 
wherein the alkyl moiety contains 1 to 8 carbon atoms. 

5. A composition according to Claim 1 wherein the functional 
3 5 monomer of the acrylic component (iii) is selected from at least one member 
of the group hydroxyethyl acrylate, hydroxyproply acrylate, glycidyl 
methacrylate and glycidyl acrylate. 
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6. A composition according to Claim 1 comprising from 5 to IS 
percent of (i), from 60 to 80 percent of (ii) and from 15 to 25 percent of (iii) 

7. A composition according to Claim 1 comprising an additional 
5 epoxy-containing compound having glycidyl groups and having a weight 

average molecular weight less than 1500. 

8. A composition according to Claim 7 wherein the glycidyl 
component comprises a di- or polyglycidyl ether of a polyol of a di- or 

10 polyglycidyl ester of a carboxylic acid. 

9. A composition according to Claim 1 comprising an additional 
epoxy and silane functional compound of molecular weight less then 1500. 

15 10. A substrate coated with a composition according to Claim 1. 



21 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 96/02061 



A. CLASSIFICATION OF SUBJECT MATTER 



IPCS: C09D 133/14 // (C09D 133/14, 143:04), (C09D 133/14, 151:06) 

According to International Patent Cfasification (IPC) or lo both national classification and ipd 

Q. FIELDS SEARCHED : ' ' ~" 

Minimum documentation searched (classification system followed by cUttifkauon symboli) 

IPC6: C09D 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the mternationarseaxch (name of data base and, where practicable, search terms used) 



WPIL 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,X 



WO, Al, 9527760 (PPG INDUSTRIES, INC, ) , 
19 October 1995 (19.10,95), page 2, 
line 17 - page 6, line 27; page 8, 
line 22 - page 9, line 8; page 10, 
line 25 - page 11, line 25, page 15, line 1 - line 
14; page 19, line 9 - line 15 



WO, Al, 9313111 (E.I. 0U PONT DE NEMOURS AND 
COMPANY), 8 July 1993 (08.07.93), page 3, 
line 12 - line 26; page 5, line 1 - page 6, 
line 16 



1-10 



1-10 



Further documents are listed in the continuation of Box C. £yj Sec patent family annex. 



* A" 

•E' 

"1/ 

'O* 
"P- 



Speaal categones of cued documents: 

document defining me general state of the art which is net considered 
to be of particular relevance 

erUer document but published on or after the international filing dale 
document which may throw doubts on pnonty claim(sl cr wtuch is 
cued to establish the publication date of another citation cr other 
ipeaal reason <as specified) 

document referring to an oral disclosure, use. exhibition z: other 
means 

document pubhihed pnor to the international filing date cut later than 
the pnonty date claimed 



lalcr documeoi published after the internaoaaa! filing date or pnonty 
date and not in conflict with the applicanon but cued to understand 
the pnnctple or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y* documeoi of particular relevance: the claimed invention cannot be 
considered to involve ao inventive step when the document is 
combiaed with one or more other such documents, sucb combination 
being obvious to a person skilled in the art 

'&.* document member of the same patent family 



Date of the actual compleuon of the international search 



5 June 1996 



Date of mailing of the international search report 



2 0.06.96 



Name and mailing address of the ISA 

F.uroDcan P alC ru Office. P H. 5,H : S Piucru.'iAn 

m -::so hv fi„ S wm 

Tci. , y,.:n) .uo.2040. TV : . ' -5: cc^ - 

Fax. , - ;-~n^ )4o.inin 



Authorized officer 



MONIKA BOHLIN 



Form PCT/ISAOIO (second sheet) (July !992> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 96/02061 



C (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document, with indication, where appropriate, or the relevant passages 


Relevant to claim No. 


Y 


EP, A2, 0212457 (PPG INDUSTRIES , INC.), 


1-10 




A Mavf~fo 1QP7 ( f\A Q7 \ rtano f\ lino ?fl — nano 7 

*♦ narcri i zjo / ^ u*r .uj.o/ ^ , patje o t i i ne c.\j page / , 






line 26; page 8, line 5 - line 33; page 11, 






line 18 - line 24, page 13, line 9 - line 35; page 






14, line 26 - line 32 




A 


EP, A2, 0353734 (NIPPON PAINT CO., LTD.), 


1-10 




7 February 1990 (07.02.90), abstract 











Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



01/04/96 



SA 1 ?6532 

International application No. 
PCT/US 96/02061 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



wo- 


-Al- 9527760 


05/10/96 


NONE 






wo- 


-Al- 9313111 


08/07/93 


BR-A- 


9207043 


05/12/95 








CA-A- 


2125647 


08/07/93 








EP-A- 


0618934 


12/10/94 








JP-T- 


7503981 


27/04/95 








US-A- 


5468801 


21/11/95 


EP- 


-A2- 0212457 


04/03/87 


AU-B.B- 


574579 


07/07/88 








AU-A- 


6091086 


02/04/87 








CA-A- 


1251298 


14/03/89 








DE-A- 


3682847 

w \J Vr \J * f 


23/01/92 








JP-A- 


6025596 

\f W ttto w w V 


01/02/94 








JP-B- 


6084485 


26/10/94 








JP-A- 


7163943 


27/06/95 








JP-A- 


62087288 


21/04/87 








US-A- 


4703101 


27/10/87 








US-A- 


4650718 


17/03/87 








US-A- 


4681811 


21/07/87 








US-A- 


4764430 


16/08/88 


EP- 


-A2- 0353734 


07/02/90 


AU-B.B- 


613780 


08/08/91 








AU-A- 


3932189 


08/02/90 








CA-A- 


1335523 


09/05/95 








JP-A- 


2045577 


15/02/90 



Form PCT/ISA/210 (patent family annex) (July 1992) 



REVISED 
VERSION* 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION. PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C09D 133/14 // (C09D 133/14, 143:04) 
(C09D 133/14, 151:06) 



Al 



(11) International Publication Number: WO 96/25466 

(43) International Publication Date: . 22 August 1996 (22.08.96) 



(21) International Application Number: PCT/US96/02161 

(22) International FUing Date: 14 February 1996 (14.02.96) 



(30) Priority Data: 

08/390,016 



17 February 1995 (17.02.95) US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



08/390,016 (CON) 
17 February 1995 (17.02.95) 



(71) Applicant (for all designated States except US): E.I. DU PONT 

DE NEMOURS AND COMPANY [US/US]; 1007 Market 
Street, Wilmington, DE 19898 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BARSOTTC, Robert, John 
[US/US]; 4167 Coles Mill Road, Franklinville, NJ 08322- 
2260 (US). LEE, Ying, Kao [US/US]; 16 North Woodleigh 
Drive, Cherry Hill, NJ 08003-3144 (US). LEWIN, Laura, 
Ann [US/US]; 105 Thissell Lane, Wilmington, DE 19807- 
1221 (US). 



(74) Agent: COSTELLO, James, A.; E.I. du Pont de Nemours and 
Company, Legal Patent Records Center, 1007 Market Street, 
Wilmington, DE 19898 (US). 



(81) Designated States: BR, CA. CN, JP, KR, MX, US, European 
patent (AT, BE, CH, DE, DK, ES. FR, GB, GR, IE, IT, LU, 
MC, NL, PT ( SE). 



Published 

With a revised version of the international search report. 

(88) Date of publication of the revised version of the 
international search report: 7 November 1996 (07.11.96) 



(54) Title: CRACK-RESISTANT ONE-PACKAGE COATING COMPOSITION 
(57) Abstract 

An organic solvent-containing coating composition useful as a finish for automobiles and trucks in which the film-forming binder 
composes a component having at least two acid groups, a polymer having both epoxy and silane functionality and an acrylic-core polymer 
having stabilizer components soluble in the solvent. 



• (Referred to in PCT Gazette No. 49/1996, Section II) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d'lvoire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


EE 


Estonia 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


LI 


Liechtenstein 


LK 


Sri Lanka 


LR 


Liberia 


LT 


■ Lithuania 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


, New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



REVISED 
VERSION 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US $6/02161 



A. CLASSIFICATION OF SUBJECT MATTER 



9°? D l33/ H ( C °- 9D 133/14, 143:04), (C09D 133/14^ 151:06) 

According to Intarnauonal Patent CfastiTiciuon (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: C09D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of dau base and, where practicable, search terms used) 



WPIL 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



P.X 



Citation of document, with indication, where appropriate, of the relevant passages 



W0\ 



Al, 9527760 (PPG INDUSTRIES, INC.), 
19 October 1995 (19.10.95), page 2, 
line 17 - page 6, line 27; page 8, 
line 22 - page 9, line 8; page 10, 
line 25 - page 11, line 25, page 15, 
14; page 19, line 9 - line 15 



line 1 - line 



W0, 



Al, 9313111 (E.I. DU PONT DE NEMOURS AND 
COMPANY), 8 July 1993 (08.07.93), page 3, 
line 12 - line 26; page 5, line 1 - page 6, 
line 16 



Relevant to claim No. 



1-10 



1-10 



X 1 Further documents are listed in the continuation of Box C. QjQ See patent family annex 



' Special categories of cited documents: 

A* document defining the general state of the an which is not considered 

to be of particular relevance 
*E" ertier document but published on or after the intemanonal filing date 
L* document which may throw doubts on priority claiai(s) or which is 

ciied to establish the publication date of another citation or other 

special reason (as specified) 

"O* document referring to an oral disclosure, use. exhibition or other 



*P* document published prior to the intemanonal filing date but later than 
the pnonty date claimed 



*T" later document published alter the inxernahonal filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

*X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V' document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



5 June 1996 



N ame and mailing address of the ISA/ 

European Patent Office. P.B. 5818 Paicnilaan 1 




Tel. ( - 31-70) 340-2040. Tx. 31 f>5l cpu nl 
Fax: ( - 31.70) 340-3016 



Form PCT/ISA/210 (second sheet) (July 1992) 



Date of mailing of the international search report 

0 6. 08. 95 



Authorized officer 

M0NIKA B0HLIN 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 96/02161 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP, A2, 0212457 (PPG INDUSTRIES, INC.). 

4 March 1987 (04.03.87), page 6, line 20 - page 7, 
line 26; page 8, line 5 - line 33; page 11, 
line 18 - line 24, page 13, line 9 - line 35; page 
14, line 26 - line 32 



EP, A2, 0353734 (NIPPON PAINT CO., LTD.), 
7 February 1990 (07.02.90), abstract 



1-10 



1-10 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



